The abundance of double-crested corrnorants (Phu1acrocora.x auritus; cormorants) wintering in the delta region of Mississippi has increased approxin~ately 250% in the last decade (Glahn el al. 2000) . Tlic impacts of corn~orants to southeastern catfish (Ictalurus punrtutus) production have been investigated via pond-side observations (Stickley et al. 1992) , radio telemetry (King et al. 1995 : Dorr et al. 2004 , food habits studies , bioenergetic modeling (Glahn and Brugger 1995) . and controlled experimentation (Glahn and Dorr 2002) . Glahn and Brugger (1995) considered the energetic requirements of cormorants, their relative abundance, and the state of the aquaculture industry (i.e.. acreage and production) to predict the economic impact of cormorants on catfish aquaculture. These authors estimated that the cost of replacing the 18-20 million catfish fingerlings consumed by cormorants each year would be approximately $2 million. Whereas cormorant wintering populations have increased since the early 1990s, Glahn et al. (2000) estimated that this replacement cost would be approximately $5 million annually. Recent controlled foraging experiments have demonstrated the impacts of cormorants on gross (i.e., atharvest) catfish production (Glahn and Dorr 2002) . Considering the value of catfish at harvest (-500% of the fingerling replacement cost), Glahn et al. (2002) farmers (via cormorant predation) may approach $25 million annually. Glahn et al. (2002) also suggested that higher catfish stocking densities and decreased cormorant abundnncc may mitigate cormorant impact?; to catfish production. Several investigators have concluded that a positive relationship exists between cormorant fish consutnption and the density of particular fishes in open waters in Europe (Dirksen et al. 1995; Richner 1995; Warke and Day 1995; Gremillet and Wilson 1999) and North America (Simmonds et al. 2000; Anderson et al. 2004) . Similarly, Werner (2004) suggested that fish density within catfish aquaculture ponds may affect the foraging behavior and efficiency of American White Pelicans (Pe1ecun~l.s erythrorhynchos) on these ponds.
This experiment was designed to evaluate the behavior of cormorants' foraging on experimental aquaculture ponds stocked at relatively high and low catfish densities. An understanding of food and habitat preferences. and the effect of agricultural practices (e.g.. fish stocking density) on wildlife behavior may contribute to the development of cost-effective methods to minimize commodity losses. This study was part of the approved National Wildlife Research Center's Research Project entitled "Economic Impact and Management of Bird Predation at Aquaculture Facilities in the Southeastern United States."
Methods
In October 2001, we captured three doublecrested cormorants in western Mississippi using methods described by King et al. (1 994) . All cormorants were weighed to the nearest 0.01 kg (average = 2.09 kg; range = 1.9C2.18 kg) and marked with a unique leg band. Cormorants were A: Cop)r~ght hy ths World -\qc~a~.ulu~rr Snc~ct) 20nh 121 randonlly assigned and released on one of tluee 0.04-ha experimental aquaculture ponds (4& 130 cm deep, 17 m wide, and 24 m long) within our 0.6-ha research avia~y at Mississippi State University (Glahn and Dorr 2002; Werner 2004) .
The experimental aquaculture ponds were divided in half via vertical, subsurface screening extended through the width of each pond. On October 2, 2001. one-half of each pond was stocked with 250 Channel Catfish fingerlings to simulate a stocking rate of approximately 12,355 fishlha. The remaining pond halves were stocked with 1000 catfish fingerlings (49,420 fishlha). Both pond halves were available to individual cormorants throughout foraging trials. The area surrounding each pond (-0.2 ha) provided room for cormorants to access both pond halves via the ground or air. The assignment of fish density treatments was randomized between pond halves.
We weighed a sample of 50 catfish prior to stocking each pond half to estimate the mass ( 2 I g) of stocked fish. We recorded daily the fish mortality observed (i.e., floating) on each pond. 'These records facilitated our estimation of fish consunlption by cormorants in the absence of other fish mortality factors (e.g.. fish disease. poor water quality). Water temperatures within experirrlental ponds ranged from 10.6 to 20.7 C and from 9.0 to 20.2 C during the October 2001 and March 2002 foraging trials, respectively. The length of catfish stocked during the first and second foraging trials (as predicted by mass; Pomerleau and Engle 2003) averaged 18 crn (range = 11-25 cm) and 15 cm (range = 11-22 cm), respectively.
This study consisted of two 20-d foraging trials. Observations from a concealed tower were made for 50-min during each morning and afternoon for each cormorant. Observation schedules were randomized among birds for each day of the trial. Subsequent analyses provided estimates of foraging time (-C 1 min), and the number of dives and fish captures observed during recorded foraging bouts. Foraging bouts were initiated by individual cormorants diving in experimental ponds during observation periods. The conclusion of a foraging bout was marked by a prolonged interval (2 I min) between dives.
Subsequent to the tirst 20-d trial, the first group of three cormorants was removed from experimental ponds and fish within ponds were seined and counted. Ponds were then refilled with water and populated with new catfish fingerlings on February 26, 2002. In March 2002, three additional (experimentally nai've) double-crested cormorants were captured in southeastern Arkansas. These cormorants were randomly assigned and ]-eleased within the aviary (one cormorant on each of the three test ponds) for the duration of the second trial. The second group of three cormorants was removed from experimental ponds, and fish within ponds were seined and counted at the conclusion of the second foraging trial.
A repeated-measures ANOVA was used to analyze differences in average foraging time, dives, fish captures, captures per foraging time. and captures per dives observed in low-and high-density ponds using SAS version 8 software (SAS Institute, Inc., Cary, NC, USA). Morning and afternoon foraging observations were pooled for these analyses. The independent variables of these analyses were fish density and the density-by-study day interaction. Tukey post hoc contrasts were used to separate these means of significant ( P 5 0.05) ANOVA effects. A paired t-test was used to compare average fish consumption within high-and low-fish density pond halves following the foraging trial.
Descriptive statistics (mean + SEM) were used to summarize the foraging behavior of cormorants during the study.
Results
Cormorants spent more time foraging on pond halves stocked with 1000 catfish (49,420 fishlha) than on pond halves stocked with 250 catfish (12,355 fishlha; F1,5 = 22.49, P =. 0.005) throughout the 20-d foraging trial. Cormorants foraged on high-and low-fish density ponds an average of 132 (2 10.1) and 73 ( 2 10.3) sec during our 50-min observations. respectively. During that time. cormorants dove an average of three i-CO.3) times on high-density ponds and two (20.3) times on low-density ponds (Fl,s = 13.29, P = 0.01).
Cormorants captured an average of 0.8 (20.06) catfish on high-density ponds and 0.3 (20.05) catfish on low-density ponds ( F , , s = 48.42, P = 0.00 1) during our 50-min foraging observations. A fish density-by-study day interaction existed among fish captures observed during the study (F3*.')2 = 1.61. P = 0.03). Compared to fish captured within low-density ponds on Day 8: cormorants captured more fish within high-density ponds on Days 9, 1 1, 12, 14, and I8 of the foraging trial ( P < 0.05; Fig. I ). We observed no fish density-by-day interaction among recorded foraging times (F3*,')2 = 1.50, P = 0.06) or dives (F38,92 = 1-00, f = 0.48).
Foraging efficiency was also greater within pond halvcs stocked with 1000 catfish fingerlings (i.e., high stocking density). Relative to low-density pond halves, observed fish captures per foraging time were greater within highdensity halves ( F 1 , S = 36.01, P = 0.002). Similarly, observed fish captures per dive were greater within high-density halves (Fl,5 = 30.99, P = 0.003). We observed no fish density-byday interaction among fish captures per foraging time (F3X,')2 = 1.44, P = 0.08) or captures per dive (F3X,92 = 1.48, P = 0.07).
Cormorants consumed 60 (2 15.2) and 161 (k25.7) catfish per bird within experimental aquaculture ponds stocked with 250 and 1000 fish, respectively, during the 20-d foraging trial (Table 1) . Thus, cormorants consumed more fish within pond halves associated with high fish densities than within low-density halves (t5 = 3.13, P = 0.03). This consumption represents a total of 2.1 kg of catfish taken per bird within low-density ponds and 5.6 kg of catfish taken per bird from ponds stocked at relatively high fish densities (Table 1) .
Discussion
All cormorants discriminated between pond halves stocked with 12,355 and 49,420 fishha. When provided a choice between these relatively low and high fish densities, cormorants allocated ninre time and effort, and captured more catfish on pond halves stocked at relatively high densities. Interestingly. these preferences manifested subsequent to Day 6 of the 20-dforaging trials. An understanding of such foraging preferences and learning can be applied to reduce the impacts of fish-eating birds to aquacultural production.
On average, cormorants consumed 387 g of catfish fingerlingstbird per d during the 20-d foraging trials (range = 264407 glbird per d). Glahn and Brugger (1995) (range = 449-551 g/bird per d), thus energy requirements are likely greater under field conditions relative to those associated with our captive experiment. Although yields can be maximized at relatively high catfish stocking densities (e.g., 30,000 fingerlings/ha: Losinger et al. 2000) . bird depredation and other production constraints (e.g., feed cost, fish disease. water quality) may restrict the stocking density associated with maximized profits. Glahn and Dorr (2002) observed a 23% at-harvest production loss in experimental ponds stocked with 12,355 catfishlha and 500 cormorant dlhn. Estimated gross production losses in ponds stocked with 18,500 and 25,000 fishlha (and 500 cormorant dlha) were I I and 14%, respectively (Glahn et al. 2002) . Whereas cormorants preferred to thrage on pond halves stocked with 49,120 fishlha than on those stocked with 12,355 fishlha (and 500 cormorant dlha) in the present study, we concur with recommendations of Losinger et al. (2000) regarding the moderate catfish stocking densities (-17,000-2 1.000 fingerlingslha) associated with profit maximization.
Future research regarding impacts of fish-eating birds on aquacultural production should focus upon the density-dependent (i.e., direct. yet nonlinear) relationships of fish growth and bird foraging behavior. In the context of these impacts, catfish production systems can now be viewed as a function of ( I ) profit maximization rather than maximum yield (Losinger et al. 2000; Pomerleau and Engle 2003) , (2) night roost dynamics and pond-specific impacts of cormorants (B. S. Dorr, USDA, Animal and Plant Health Inspection Service, Mississippi, USA. unpublished data). and (3) depredation impacts to gross (i.e., at-harvest) catfish production rather than fingerling replacement costs (Glahn and Dorr 2002; Glahn et al. 2002) . Whereas cormorants generally consume catfish that are 12 c m (Slickley el al. 1992) to 16 clrl in length in the delta region of Mississippi, additional research is needed to evaluate the economic benefits of understocking large catfish fingerlings within grow-out ponds (Engle and Valderrama 2001) . Moreover, the success of bird-damage management strategies can be best measured by resultant fish production rather than trends in bird abundance.
